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(57) ABSTRACT

A base station (1) is connectable to a mobile station (4) by a
plurality of Radio Access Technologies (RATSs) including
first and second RAT's. The base station (1) is configured to be
able to use a communication path (400) that passes through a
first upstream network (140) corresponding to the first RAT,
when the mobile station (4) performs communication via the
second RAT. This enables, for example, efficient use of the
upstream networks when the Multi-RAT base station (1) sup-
ports a plurality of upstream networks.
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RADIO COMMUNICATION SYSTEM, BASE
STATION, COMMUNICATION METHOD,
MOBILE STATION, AND
COMPUTER-READABLE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a National Stage of International Appli-
cation No. PCT/JP2012/003036, filed on May 9, 2012, which
claims priority from Japanese Patent Application No. 2011-
176785, On Aug. 12, 2011, the contents of all of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to Inter-RAT handover of a
mobile station between radio access technologies (RATs) ina
radio communication system including a base station that
supports a plurality of radio access technologies.

BACKGROUND ART

To cope with the diversification of radio access technolo-
gies (RATs), 3GPP (3rd Generation Partnership Project)
specifies handovers between RAT's standardized by 3GPP, for
example, a handover between UTRAN (UMTS Terrestrial
Radio Access Network) and E-UTRAN (Evolved UTRAN)
and a handover between E-UTRAN and GERAN (GSM/
EDGE Radio Access Network) (see Non Patent Literature 1).
Further, 3GPP has studied handovers between the RAT's stan-
dardized by 3GPP and other RATs (non-3GPP RATs) (see
Non Patent Literature 2). Specific examples of the non-3GPP
RATs include a wireless LAN standardized by IEEE802.11,
WiMAX (Worldwide Interoperability for Microwave Access)
standardized by IEEE 802.16, and cdma2000 standardized by
3GPP2 (3rd Generation Partnership Project 2).

FIG. 14 is a diagram showing a network configuration
example in the case of connecting a mobile station to a core
network (EPC (Evolved Packet Core)) of 3GPP via a plurality
of RATs, which has been studied by 3GPP. Referring to FIG.
14, a mobile station (UE) 4 supports a plurality of RATs
including E-UTRAN, UTRAN, and a non-3GPP RAT. A base
station (eNB) 11 supports E-UTRAN specified by 3GPP,
generates an E-UTRAN cell 10, and is connected to the
mobile station (UE) 4. The base station (eNB) 11 relays user
data between an EPC 40 and the mobile station 4.

The EPC 40 is a core network corresponding to E-UTRAN
specified by 3GPP. The EPC 40 includes an S-GW (Serving
Gateway) 41, a P-GW (Packet Data Network Gateway) 42,
and an MME (Mobility Management Entity) 43. The S-GW
41 and the P-GW 42 are transfer nodes that transfer user data.
The P-GW 42 functions as a gateway to an external network
70, and terminates a communication path (i.e. an EPS
(Evolved Packet System) bearer) between the mobile station
4 and the EPC 40. The external network 70 is called PDN
(Protocol Data Network) in 3GPP. The MME 43 performs
mobility management and bearer management for the mobile
station (UE) 4. The bearer management performed by the
MME 43 includes management of information (such as a QoS
class, a bearer 1D, and bearer path information) relating to a
configuration of the communication path (i.e. the EPS bearer)
between the mobile station (UE) 4 and the P-GW 42, and
signaling for bearer setup to the base station (eNB) 11, the
mobile station (UE) 4, the S-GW 41, and the like.

A base station (NB) 21 supports UTRAN specified by
3GPP, generates a UTRAN cell 20, and is connected to the
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mobile station (UE) 4. The base station (NB) 21 relays user
data between the mobile station 4 and an upstream network
including an RNC (Radio Network Controller) 22 and a
GPRS packet core 50. The RNC 22 is a node that performs
radio resource management for the UTRAN including the
base station (NB) 21.

The GPRS packet core 50 is a core network corresponding
to UTRAN specified by 3GPP. The GPRS packet core 50
includes an SGSN (Serving GPRS Support Node) 51 serving
as a control node and a transfer node. The SGSN 51 performs
mobility management and bearer management for the mobile
station (UE) 4, and performs processing of transferring user
data. Uplink user data transmitted from the mobile station
(UE) 4 belonging to the base station (NB) 21 is transferred to
the EPC 40 via the RNC 22 and the SGSN 51, and is trans-
ferred to the external network 70 via the P-GW 42. Downlink
user data is also transferred via the EPC 40 and the GPRS
packet core 50 in the same manner as the uplink user data.

A base station (AP (Access Point)) 31 supports a non-
3GPP RAT, such as cdma2000, WiMAX, or a wireless LAN,
generates a non-3GPP cell 30, and is connected to the mobile
station (UE) 4. The base station (AP) 31 relays user data
between a non-3GPP upstream network 60 and the mobile
station 4.

An HLR (Home Location Register)/HSS (Home Sub-
scriber Server) 44 manages an identifier, authentication infor-
mation, positional information, and the like of the mobile
station (UE) 4. The HLR/HSS 44 collaborates with the MME
43 and the SGSN 51, and performs authentication processing
when the mobile station (UE) 4 attaches to the EPC 40 and the
GPRS packet core 50.

The non-3GPP upstream network 60 is an upstream net-
work corresponding to the non-3GPP RAT supported by the
base station (AP) 31. The non-3GPP upstream network 60
includes a transfer node 61 that transfers user data, and a
control node 62 that performs, for example, bearer manage-
ment and mobility management. Uplink user data transmitted
from the mobile station (UE) 4 belonging to the base station
(AP) 31 is transferred to the EPC 40 via the transfer node 61,
and is transferred to the external network 70 via the P-GW 42.
Downlink user data is also transferred via the EPC 40 and the
non-3GPP upstream network 60 in the same manner as the
uplink user data.

The non-3GPP upstream network 60 includes a RAN node
and a core network node. In the case of WiMAX, the non-
3GPP upstream network 60 includes, for example, an ASN
GW (Access Network Gateway) disposed in a radio access
network (WiMAX Access Service Network (ASN), and a HA
(Home Agent) disposed in a core network (Core Services
Network (CSN)). Each of the ASN GW and the HA corre-
sponds to both the transfer node 61 and the control node 62.

As described above, in the architecture shown in FIG. 14,
user data transmitted and received between the external net-
work 70 and the mobile station 4 is transferred via the P-GW
42 disposed in the EPC 40. In other words, in the architecture
shown in FIG. 14, the P-GW 42 disposed in the EPC 40
operates as an anchor node when the mobile station (UE) 4
performs a handover between the base stations 11, 21, and 31
which support different RATs.

CITATION LIST
Patent Literature

[NPL1]3GPP TS23.401 v10.3.0, “General Packet Radio Ser-
vice (GPRS) enhancements for Evolved Universal Terres-
trial Radio Access Network (E-UTRAN) access”, March
2011
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[NPL2] 3GPP TS23.402 v10.3.0, “Architecture enhance-
ments for non-3GPP accesses”, March 2011

SUMMARY OF INVENTION
Technical Problem

The inventors of the present application have studied a
connection between upstream networks and a Multi-RAT
base station that supports a plurality of RATs. As with the
relation between E-UTRAN and EPC described above, a
relation between a RAT and an upstream network is deter-
mined in advance. Accordingly, itis generally considered that
the Multi-RAT base station is configured to be connected to a
plurality of upstream networks and establish a communica-
tion path for transfer of user data between the base station and
the upstream network corresponding to the RAT used for
connection with a mobile station. However, the inventors of
the present application have found that such selection of an
upstream network by the Multi-RAT base station is not
always efficient.

For example, an Inter-R AT handover under the Multi-RAT
base station will now be considered. As described above, Non
Patent Literatures 1 and 2 disclose an Inter-RAT handover.
Before and after such an Inter-RAT handover, the upstream
network to which the mobile station (UE) 4 belongs is
changed, so that the route of a communication path (e.g., an
EPS bearer, a PDN connection, or an [Psec tunnel) for user
data is also changed. This necessitates signaling for reserving
resources used for the communication path for user data after
the handover. In addition, Non Patent Literature 2 discloses
an Inter-RAT handover between a 3GPP RAT (e.g., UTRAN,
E-UTRAN) and a non-3GPP RAT (e.g., a wireless LAN,
WIiMAX, c¢dma2000). In the case of a handover between
RATs compliant with different standards, an authentication
system for the mobile station (UE) 4 is not generally shared
between two different upstream networks used before and
after the handover. Therefore, in the handover between RAT's
compliant with different standards, a handover target system
(upstream network) needs to perform the re-authentication
processing for the mobile station (UE) 4. In general, the
authentication processing is performed in a manner similar to
that during an initial connection (attach) of the mobile station
(UE) 4 to an upstream network.

When the Multi-RAT base station performs the Inter-RAT
handover disclosed in Non Patent Literatures 1 and 2, it takes
a long time to perform the bearer switching processing and
authentication processing for the mobile station (UE). This
increases the possibility of a failure of the handover.

Not only in the case of the Inter-RAT handover, but also in
the case of establishing a communication path with an
upstream network in response to the initial attach of the
mobile station, it is desirable to be able to select an upstream
network more flexibly, irrespective of the existing relation
between a RAT and an upstream network. An object of the
present invention is to provide a radio communication sys-
tem, a base station, a communication method, a mobile sta-
tion, and a program, which are capable of efficiently using
upstream networks when the Multi-RAT base station sup-
ports a plurality of upstream networks.

Solution to Problem

A first aspect includes a radio communication system. The
radio communication system includes a base station and a
plurality of upstream networks. The base station is configured
to be connectable to a mobile station via a plurality of radio
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access technologies including first and second radio access
technologies. The upstream networks include a first upstream
network corresponding to the first radio access technology
and a second upstream network corresponding to the second
radio access technology. Further, the base station is config-
ured to be able to use a first communication path that passes
through the first upstream network, when the mobile station
performs communication via the second radio access tech-
nology.

A second aspect includes a base station that is connectable
to a mobile station by a plurality of radio access technologies
including first and second radio access technologies. The base
station includes a communication path control unit config-
ured to be able to use a communication path that passes
through a first upstream network corresponding to the first
radio access technology, when the mobile station performs
communication via the second radio access technology.

A third aspect includes a communication method for a base
station that is connectable to a mobile station by a plurality of
radio access technologies, including first and second radio
access technologies. The method includes using a first com-
munication path that passes through a first upstream network
corresponding to the first radio access technology, when the
mobile station performs communication via the second radio
access technology.

A fourth aspect includes a mobile station used in a radio
communication system. The radio communication system
includes a plurality of upstream networks and a base station.
The plurality of upstream networks include a first upstream
network corresponding to a first radio access technology and
a second upstream network corresponding to a second radio
access technology. The base station is configured to be con-
nectable to the mobile station by a plurality of radio access
technologies including the first and second radio access tech-
nologies, and is configured to be able to use a first commu-
nication path that passes through the first upstream network
when the mobile station performs communication via the
second radio access technology. The mobile station according
to this aspect is configured to be connected to the base station
via at least one of the first and second radio access technolo-
gies.

A fifth aspect includes a program for causing a computer to
execute the method according to the third aspect described
above.

Advantageous Effects of Invention

According to the above-mentioned aspects, it is possible to
provide a radio communication system, a base station, a com-
munication method, a mobile station, and a program, which
are capable of efficiently using upstream networks when a
Multi-RAT base station supports a plurality of upstream net-
works.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing a configuration example of a
radio communication system including a base station accord-
ing to a first embodiment;

FIG. 2 is a block diagram showing a configuration example
of the base station according to the first embodiment;

FIG. 3 is a flowchart showing an example of a communi-
cation operation of the base station according to the first
embodiment;

FIG. 4 is a sequence diagram showing an example of an
Inter-RAT handover procedure according to a second
embodiment;
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FIG. 5 is a sequence diagram showing an Inter-RAT han-
dover procedure according to a comparative example;

FIG. 6 is a flowchart showing a specific example of a
procedure for executing an Inter-RAT handover by a base
station according to the second embodiment;

FIG. 7 is a sequence diagram showing an example of an
Inter-RAT handover procedure according to a third embodi-
ment;

FIG. 8 is a flowchart showing a specific example of a
procedure for executing an Inter-RAT handover by a base
station according to the third embodiment;

FIG. 9 is a diagram showing a configuration example of a
radio communication system including a base station accord-
ing to a fourth embodiment;

FIG. 10 is a sequence diagram showing an example of an
Inter-RAT handover procedure (from E-UTRAN to UTRAN)
according to the fourth embodiment;

FIG. 11 is a sequence diagram showing an example of an
Inter-RAT handover procedure (from E-UTRAN to non-
3GPP RAT) according to the fourth embodiment;

FIG. 12 is a sequence diagram showing an example of a
communication procedure (mobile station attach procedure)
according to a fifth embodiment;

FIG. 13 is a flowchart showing an example of an operation
performed by a base station during the mobile station attach
procedure according to the fifth embodiment; and

FIG. 14 is a diagram showing a first configuration example
of a radio communication system according to the back-
ground art.

DESCRIPTION OF EMBODIMENTS

Hereinafter, exemplary embodiments will be described in
detail with reference to the drawings. In the drawings, the
same or corresponding elements are denoted by the same
reference numerals, and a repeated explanation is omitted as
needed for clarity of the explanation.
<First Embodiment>

FIG. 1 is a diagram showing a configuration example of a
radio communication system including a Multi-RAT base
station 1 according to this embodiment. The base station 1
supports at least two different RATs and is connectable to a
mobile station by the at least two RATss. In the example shown
in FIG. 1, the base station 1 generates a first cell 100 by a first
RAT and a second cell 120 by a second RAT, and communi-
cates with amobile station 4. The base station 1 is connectable
to a first upstream network 140 corresponding to the first RAT
and to a second upstream network 150 corresponding to the
second RAT.

The first upstream network 140 includes transfer nodes 141
and 142 and a control node 143. The transfer nodes 141 and
142 relay user data, which is transmitted and received
between the base station 1 and an external network 70, by
using a communication path 400 that is established between
the base station 1 and the transfer node 141. The communi-
cation path 400 is a physically or logically established com-
munication path that is used for transfer of user data. User
data is relayed between the mobile station 4 and the transfer
node 141 through the communication path 400 and a radio
bearer (radio link) between the base station 1 and the mobile
station 4. The communication path 400 is, for example, an S1
bearer, an S5/S8 bearer, a GTP (GPRS Tunneling Protocol)
tunnel, a GRE (Generic Routing Encapsulation) tunnel of
PMIP (Proxy Mobile IP), or an IPsec tunnel, or a combination
of at least two of them.

The transfer node 142 operates as a gateway to the external
network 70, and terminates the communication path 400 that
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is established between the transfer node 142 and the base
station 1 to transfer user data. The control node 143 performs
mobility management and bearer management for the mobile
station 4. The bearer management performed by the control
node 143 includes management of information (such as a
QoS class, a bearer ID, and bearer path information) relating
to a configuration of communication paths, including the
communication path 400 between the mobile station 4 and the
transfer node 142, and signaling for bearer setup to the base
station 1, the mobile station 4, the transfer node 141, and the
like. The transfer nodes 141 and 142 and the control node 143
shown in FIG. 1 are merely illustrated as functional elements.
That is, at least two of the transfer node 141, the transfer node
142 and the control node 143 may be realized by a single
physical node. Alternatively, the functions of the three nodes
may be realized by four or more physical nodes.

The second upstream network 150 includes a transter node
151 and a control node 152. The transfer node 151 has a
function of relaying user data between the base station 1 and
the transfer node 141 (or the transfer node 142). The control
node 152 performs mobility management and bearer manage-
ment for the mobile station 4 connected to a RAN correspond-
ing to the second RAT. The transfer node 151 and the control
node 152 shown in FIG. 1 are merely illustrated as functional
elements. That is, the transfer node 151 and the control node
152 may be realized by a signal physical node. Alternatively,
the functions of the two nodes may be shared by three or more
physical nodes.

The mobile station 4 supports the first and second RATs,
and is connectable to the first cell 110 and the second cell 120.
The mobile station 4 may be selectively connected to one of
the first cell 110 and the second cell 120. The mobile station
4 may be connected simultaneously to both the first cell 110
and the second cell 120. In other words, the mobile station 4
is connectable to the base station 1 by selectively using one of
the first and second RATSs, or by using both the first and
second RATs. The mobile station 4 may be configured to be
ableto perform handover between the two RAT's (between the
cell 110 and the cell 120).

The Multi-RAT base station 1 according to this embodi-
ment is configured to be able to use the communication path
400, which passes through the first upstream network 140
without passing through the second upstream network 150,
for data transfer between the mobile station 4 and the external
network 70 in the case of performing communication with the
mobile station 4 via the second RAT. In other words, the base
station 1 can transfer user data without using the communi-
cation path (such as a GTP tunnel, a GRE tunnel, or an IPsec
tunnel) that passes through the second upstream network 150
corresponding to the second RAT. To put it another way, the
base station 1 can transfer user data by using another
upstream network (the first upstream network 140) different
from the upstream network (the second upstream network
150) linked to the second RAT for performing communica-
tion with the mobile station 4.

FIG. 2 is a block diagram showing a configuration example
of the Multi-RAT base station 1. A radio communication unit
101-1 supports the first RAT, generates the first cell 110, and
performs radio communication with the mobile station 4. A
radio communication unit 101-2 supports the second RAT,
generates the second cell 120, and performs radio communi-
cation with the mobile station 4.

A communication unit 102 is an interface used for com-
munication with the first and second upstream networks 140
and 150. Specifically, the communication unit 102 transmits
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and receives user data and control message to and from the
transfer node 141, the control node 143, the transfer node 151,
and the control node 152.

A communication path control unit 103 controls configu-
ration of the communication paths between the base station 1
and each of the upstream networks 140 and 150. Specifically,
the communication path control unit 103 may control an
Inter-RAT handover for switching a connection with the
mobile station 4 from the first RAT (the first cell 110) to the
second RAT (the second cell 120), and may control configu-
ration of the communication path during the handover.

The communication path control unit 103 may select a
communication path, which is used for transfer of user data,
from among communication paths (including the communi-
cation path 400) that pass through different routes in upstream
networks (including the upstream networks 140 and 150).
The communication path control unit 103 may select a com-
munication path based on a predetermined condition. The
predetermined condition may be determined in consideration
of'the respective states (a communication load, connectability
of the base station 1, etc.) of the upstream networks. The
predetermined condition may be determined in consideration
of the RAT used by a nearby base station located in the
vicinity of the base station 1.

FIG. 3 is a flowchart showing an example of the commu-
nication operation of the base station 1 according to this
embodiment. In step S11, the base station 1 is connected to
the mobile station 4 via the second RAT. In step S12, the base
station 1 transmits and receives user data to and from the
transfer node 142 by using the communication path 400 that
passes through the first upstream network 140 without pass-
ing through the second upstream network 150.

As described above, the Multi-RAT base station 1 accord-
ing to this embodiment can use, for transfer of user data, the
communication path through the upstream network which
does not correspond to the RAT used for connection of the
Multi-RAT base station 1 with the mobile station 4. There-
fore, according to this embodiment, the flexibility in configu-
ration of the communication path between the base station
and the upstream network can be improved in the radio com-
munication system including the Multi-RAT base station.
<Second Embodiment>

The first embodiment described above illustrates the
operation in which the Multi-RAT base station 1 uses, for
transfer of user data, the communication path through the
upstream network which does not correspond to the RAT used
for connection of the Multi-RAT base station 1 with the
mobile station 4. In this embodiment, a specific example of
this operation will be described in which the configuration of
the communication path is controlled during the Inter-RAT
handover for switching the connection with the mobile station
4 from the first RAT (the first cell 110) to the second RAT (the
second cell 120). A configuration example of a mobile com-
munication system according to this embodiment may be
similar to the example of the first embodiment shown in FIG.
1. The configuration of the Multi-RAT base station according
to this embodiment may be similar to that of the block dia-
gram shown in FIG. 2.

The base station 1 according to this embodiment controls
the Inter-RAT handover for switching the connection with the
mobile station 4 from the first RAT (the first cell 110) to the
second RAT (the second cell 120). The control of the Inter-
RAT handover by the base station 1 includes, for example,
determining the execution of the Inter-RAT handover, prepar-
ing radio resources in a handover target (the first cell 110 or
the second cell 120), and requesting the mobile station 4 to
switch a connection destination cell (RAT).
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Further, the base station 1 is configured so as not to change
the route of the communication path 400, which is established
between the base station 1 and the transfer node 142, before
and after the Inter-RAT handover. In other words, when the
mobile station 4 performs a handover from the first RAT (the
first cell 110) to the second RAT (the second cell 120), the
base station 1 continuously uses the communication path
(bearer) 400, which is established before the handover, for
transfer of user data even after the Inter-RAT handover, with-
out changing the route of the communication path 400 so that
it passes through the second upstream network 150.

The base station 1 may operate in the following manner to
continuously use the communication path 400, which is
established before the Inter-RAT handover, even after the
handover. For example, the base station 1 may inhibit trans-
mission, to the first and second upstream networks 140 and
150, of'a control message for requesting to change the route of
the communication path 400. Alternatively, the base station 1
may send the control message, which indicates that there is no
need to change the route of the communication path 400, to
the control node 143 of the first upstream network 140 and the
control node 152 of the second upstream network 150. In still
another alternative, the base station 1 may notify the control
node 152 of the second upstream network 150 or an authen-
tication system (not shown) that there is no need to re-authen-
ticate the mobile station 4.

Upon receiving an attach request (authentication request)
from the mobile station 4 to attach the second upstream net-
work 150, the base station 1 may inhibit transfer of the attach
request to the second upstream network 150. The base station
1 may also send, to the mobile station 4, a control message
indicating that there is no need to send the attach request
(authentication request) to attach the second upstream net-
work 150. The control message sent to the mobile station 4
may be transmitted as a handover request. For example, the
base station 1 may send a handover request including identi-
fication information indicating a special handover under the
Multi-RAT base station.

As described above, a configuration example of the Multi-
RAT base station 1 according to this embodiment may be
similar to that shown in FIG. 2. However, in this embodiment,
the communication path control unit 103 controls the Inter-
RAT handover for switching the connection with the mobile
station 4 from the first RAT (the first cell 110) to the second
RAT (the second cell 120). More specifically, the communi-
cation path control unit 103 determines the execution of the
Inter-RAT handover. Specific examples of handover trigger-
ing factors include degradation of the downlink reception
quality of the mobile station 4, an increase in load of the base
station 1, and a voluntary request from the mobile station 4.
As a typical example, the communication path control unit
103 receives from the mobile station 4 a measurement report
on the downlink radio quality, and determines initiation of a
handover on condition that reception quality of an adjacent
cell (e.g., the second cell 120) is better than that of the current
cell (e.g., the first cell 110). The communication path control
unit 103 requests the radio communication unit 101-2 to
prepare radio resources of the handover target (e.g., the sec-
ond cell 120), and requests the mobile station 4 to switch the
connection destination cell.

Hereinafter, an Inter-RAT handover procedure according
to this embodiment will be described. FIG. 4 is a sequence
diagram showing an example of the Inter-R AT handover pro-
cedure according to this embodiment. In step S21, the mobile
station 4 is connected to the Multi-RAT base station 1 via the
first RAT (the first cell 110), and performs data communica-
tion with the transfer node 142 through the base station 1 and
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the first upstream network 140. As described above, the trans-
fer node 142 is a gateway to the external network 70, and
relays user data between the external network 70 and the
communication path 400 which is established between the
transfer node 142 and the mobile station 4.

In step S22, the base station 1 determines the execution of
the Inter-RAT handover from the first RAT (the first cell 110)
to the second RAT (the second cell 120), and the base station
1 and the mobile station 4 prepare for the Inter-R AT handover.
The preparation for the Inter-RAT handover includes prepar-
ing radio resources of the second RAT (the second cell 120) as
a handover target, and requesting from the base station 1 to
the mobile station 4 to switch the connection destination cell
(RAT). However, as described above, the base station 1 does
not change the route of the communication path 400, which is
established between the case station 1 and the transfer node
142, before and after the Inter-R AT handover. Accordingly, in
the example shown in FIG. 4, the base station 1 inhibits
transmission, to the first and second upstream networks 140
and 150, of the control message for requesting to change the
route of the communication path 400.

In step S23, the mobile station 4 sends a connection request
to the base station 1 via the second RAT, and is connected to
the second cell 120. In step S24, the mobile station 4 is
connected to the Multi-RAT base station 1 via the second
RAT (the second cell 120), and performs data communication
with the transfer node 142 through the base station 1 and the
first upstream network 140.

For comparison with the handover procedure shown in
FIG. 4, an example will be described in which the route of the
communication path 400 is changed before and after the
Inter-RAT handover. FIG. 5 is a sequence diagram showing
an Inter-R AT handover procedure according to a comparative
example. Step S101 is similar to step S21 shown in FIG. 4.
Specifically, the mobile station 4 is connected to the Multi-
RAT base station 1 via the first RAT (the first cell 110), and
performs data communication with the transfer node 142
through the base station 1 and the first upstream network 140.

In step S102, the base station 1 determines the execution of
the Inter-RAT handover from the first RAT (the first cell 110)
to the second RAT (the second cell 120). At this time, the base
station 1 performs signaling with at least one of the first and
second upstream networks 140 and 150 so as to carry out
bearer setup by reserving resource of the second upstream
network 150. For example, the base station 1 sends a control
message for requesting the control node 143 of the first
upstream network 140 to relocate a bearer. Upon receiving the
control message from the base station 1, the control node 143
sends a control message for requesting a bearer setup to the
transfer node 151 or the control node 152 of the second
upstream network 150. Then, the base station 1 requests the
mobile station 4 to switch the connection destination cell
(RAT) on condition that the bearer setup in the second
upstream network 150 is completed.

In step S103, the mobile station 4 sends a connection
request to the base station 1 via the second RAT, and is
connected to the second cell 120. In step S104, the mobile
station 4 which has been connected to the second cell 120
executes authentication processing with the second upstream
network 150 corresponding to the second RAT. The authen-
tication processing in step S104 may be omitted when an
authentication system common to the first and second
upstream networks 140 and 150 is used (for example, in the
case of an EPC and a GPRS packet core as specified by
3GPP).

In step S105, the base station 1 sends a bearer switching
request to the transfer node 142 via the second upstream
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network 150. In response to this request, the transfer node 142
executes reconfiguration of the bearer to change the route of
the communication path 400 so that it passes through the
second upstream network 150. In step S106, the mobile sta-
tion 4 is connected to the Multi-RAT base station 1 via the
second RAT (the second cell 120), and performs data com-
munication with the transfer node 142 through the base sta-
tion 1 and the second upstream network 150.

As is seen from FIGS. 4 and 5, in the handover procedure
shown in FIG. 4, there is no need of reserving resources and
establishing a bearer in the second upstream network 150, and
there is no need of signaling for changing the route of the
communication path 400. The authentication processing
(step S104) of the mobile station 4 can also be omitted. Thus,
according to the handover procedure shown in FIG. 4, the
load of the handover processing can be reduced when the
Inter-RAT handover of the mobile station 4 is performed
between the two RATS managed by the Multi-RAT base
station 1.

FIG. 6 is a flowchart showing a specific example of the
procedure for executing the Inter-R AT handover by the Multi-
RAT base station 1. Steps S31 to S33 shown in FIG. 6 corre-
spond to the handover preparation (step S22) shown in FIG. 4.
Specifically, in step S31, the communication path control unit
103 of the base station 1 determines the execution of the
Inter-RAT handover from the first RAT (the first cell 110) to
the second RAT (the second cell 120). In step S32, the com-
munication path control unit 103 collaborates with the radio
communication unit 101-2 and reserves radio resources in the
second RAT. In step S33, the communication path control unit
103 instructs, via the radio communication unit 101-1, the
mobile station 4 to execute the handover.

In step S34, the communication path control unit 103 deter-
mines whether the connection request from the mobile station
4 has been received via the second RAT (the second cell 120).
When the connection request from the mobile station 4 has
been received (YES in step S34), the communication path
control unit 103 collaborates with the radio communication
unit 101-2 and executes connection processing for the mobile
station 4. When the connection request from the mobile sta-
tion 4 has not been received (NO in step S34), the communi-
cation path control unit 103 returns to step S34 to receive the
connection request.

As described above, the Multi-RAT base station 1 accord-
ing to this embodiment is configured not to change the route
of'the communication path 400, which is established between
the base station 1 and the transfer node 142, before and after
the Inter-RAT handover. In other words, when the mobile
station 4 performs the Inter-RAT handover from the first RAT
(the firstcell 110) to the second RAT (the second cell 120), the
base station 1 continuously uses the communication path
(bearer) 400, which is established before the Inter-RAT han-
dover, for transfer of user data even after the Inter-RAT han-
dover, without changing the communication path 400 so that
it passes through the second upstream network 150. This
eliminates the need for the Multi-RAT base station 1 and the
upstream networks 140 and 150 to execute processing for
changing the route of the bearer, leading to a reduction in load
of the processing required for the Inter-RAT handover.
<Third Embodiment>

In this embodiment, a modification of the Inter-RAT han-
dover procedure described in the second embodiment will be
described. The Inter-RAT handover procedure described with
reference to FIG. 4 illustrates an example in which the control
message requesting modification of the route of the commu-
nication path 400 is inhibited from being sent from the base
station 1 to the upstream networks 140 and 150. This embodi-
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ment illustrates an example in which the control message
indicating that there is no need to change the route of the
communication path 400 is sent to at least one of the upstream
networks 140 and 150 from the base station 1. A configuration
example of a mobile communication system according to this
embodiment may be similar to the example of the first
embodiment shown in FIG. 1. The configuration of the Multi-
RAT base station according to this embodiment may be simi-
lar to that of the block diagram shown in FIG. 2.

FIG. 7 is a sequence diagram showing an example of the
Inter-RAT handover procedure according to this embodi-
ment. Processings and operations to be carried out in steps
S21, S22, 823, and S24 shown in FIG. 7 are the same as those
in the steps denoted by the same reference symbols as those in
FIG. 4. In steps S41-1 and S41-2 shown in FIG. 7, the Multi-
RAT base station 1 sends handover information to the
upstream networks 140 and 150 respectively corresponding
to the first RAT and the second RAT. The handover informa-
tion notifies the upstream networks 140 and 150 that there is
no need to change the route of the communication path 400.
The handover information includes, for example, information
indicating that the Inter-RAT handover is performed within
the Multi-RAT base station. The handover information may
also include an identifier (e.g., IMSI (International Mobile
Subscriber Identity), TMSI (Temporary Mobile Subscriber
Identity), or M-TMSI (MME-TMSI)) of the mobile station 4
that performs the Inter-RAT handover.

The base station 1 may send the handover information to
only one of the upstream networks 140 and 150. Specifically,
the base station 1 may send the handover information to one
of'the upstream networks 140 and 150 (e.g., the network 140)
that includes a node (e.g., the control node 143) to be sub-
jected to the control for changing a route of a bearer. The
handover information may be sent from one of the upstream
networks (e.g., the network 140) to the other upstream net-
work (e.g., the network 150).

FIG. 8 is a flowchart showing a specific example of the
procedure for executing the Inter-R AT handover by the Multi-
RAT base station 1 according to this embodiment. Process-
ings and operations to be carried out in steps S31 to S35
shown in FIG. 8 are the same as those in the steps denoted by
the same reference symbols as those in FIG. 6. In step S51
shown in FIG. 8, the communication path control unit 103
sends the handover information to at least one ofthe upstream
networks 140 and 150 via the communication unit 102.

As described above, in this embodiment, the Multi-RAT
base station 1 sends, to at least one of the upstream networks
140 and 150, the handover information for notifying that
there is no need to change the route of the communication
path 400, in the case of executing the Inter-RAT handover.
This allows the upstream networks 140 and 150 to recognize
that there is no need to change the route of the communication
path 400, and also allows the upstream networks 140 and 150
to recognize a change of the cell to which the mobile station
4 belongs.
<Fourth Embodiment>

This embodiment illustrates a specific example in which
E-UTRAN is used as the first RAT and UTRAN or a non-
3GPP RAT is used as the second RAT in the second and third
embodiments described above. FIG. 9 is a diagram showing a
configuration example of the radio communication system
including the Multi-RAT base station 1 according to this
embodiment. In the example shown in FI1G. 9, the base station
1 supports three types of RATs, specifically, E-UTRAN,
UTRAN, and a non-3GPP RAT (e.g., cdma2000, WIMAX, or
a wireless LAN). The base station 1 generates an E-UTRAN
cell as the first cell 110 and generates a UTRAN cell as the
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second cell 120. The base station 1 also generates a non-3GPP
cell as a third cell 130 corresponding to the non-3GPP RAT.

The first upstream network 140 shown in FIG. 9 is the EPC
corresponding to E-UTRAN. An S-GW 401 and a P-GW 42
correspond to the transfer nodes 141 and 142, respectively.
An MME 403 corresponds to the control node 143. In this
embodiment, the communication path 400 is a communica-
tion path for user data that is established between a P-GW and
a base station (eNB) of E-UTRAN. In other words, the com-
munication path 400 of this embodiment corresponds to an
EPS (Evolved Packet System) bearer including a GTP tunnel
(S1 bearer) which is established between the base station 1
and the S-GW 401, and a GTP tunnel (S5/S8 bearer) or a GRE
tunnel which is established between the S-GW 401 and the
P-GW 42.

The second upstream network 150 shown in FIG. 9 is a
GPRS packet core and an RNC of UTRAN. An SGSN 501
corresponds to the transfer node 151 and the control node
152. An RNC 202 also corresponds to the transfer node 151
and the control node 152.

A third upstream network 160 shown in FIG. 9 is a non-
3GPP upstream network of the non-3GPP RAT. The third
upstream network 160 includes a transfer node 601 and a
control node 602.

The Multi-RAT base station 1 shown in FIG. 9 is config-
ured not to change the route of the EPS bearer 400, which is
established between the base station 1 and the P-GW 42,
before and after the Inter-RAT handover of the mobile station
4 from the E-UTRAN cell 110 to the UTRAN cell 120 or the
non-3GPP cell 130. In other words, when the mobile station
4 performs the handover from the E-UTRAN cell 110 to the
UTRAN cell 120 or the non-3GPP cell 130, the base station 1
continuously uses the EPS bearer 400, which is established
before the handover, for transfer of user data even after the
Inter-RAT handover, without changing the route of the EPS
bearer 400 so that it passes through the second upstream
network 150 or the third upstream network 160.

FIG. 10 is a sequence diagram showing an example of the
Inter-RAT handover procedure from the E-UTRAN cell 110
to the UTRAN cell 120 in this embodiment. FIG. 10 corre-
sponds to the procedure (FIG. 7) involving the transmission
of the handover information described in the third embodi-
ment. Step S61 shown in FIG. 10 is similar to step S21 shown
in FIG. 7. Specifically, in step S61, the mobile station 4 is
connected to the Multi-RAT base station 1 via E-UTRAN and
performs data communication with the P-GW 42 through the
base station 1 and the EPC 140. Step S62 shown in FIG. 10 is
similar to step S22 shown in FIG. 7. Specifically, in step S62,
the base station 1 determines the execution of the Inter-RAT
handover from E-UTRAN to UTRAN, and the base station 1
and the mobile station 4 prepare for the Inter-RAT handover.

Step S63 shown in FIG. 10 is similar to steps S41-1 and
S41-2 shown in FIG. 7. Specifically, in step S63, the base
station 1 sends handover information to the MME 403 and the
S-GW 401 which are disposed in the first upstream network
(EPC) 140. The MME 403 notifies the RNC 202 and the
SGSN 501, which are disposed in the second upstream net-
work (GPRS packet core and RNC) 150, of the handover
information.

Step S64 shown in FIG. 10 is similar to step S23 shown in
FIG. 7. Specifically, in step S64, the mobile station 4 sends a
connection request to the base station 1 via the RAT of
UTRAN, and is connected to the UTRAN cell 120. Step S65
shown in FIG. 10 is similar to step S24 shown in FIG. 7.
Specifically, in step S65, the mobile station 4 is connected to
the Multi-RAT base station 1 via UTRAN and performs data
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communication with the P-GW 42 through the base station 1
and the first upstream network (EPC) 140.

Next, the Inter-RAT handover from the E-UTRAN cell 110
to the non-3GPP cell 130 will be described. FIG. 11 is a
sequence diagram showing an example of the Inter-RAT han-
dover procedure from the E-UTRAN cell 100 to the non-
3GPP cell 130 in this embodiment. FIG. 11 also corresponds
to the procedure (FIG. 7) involving the transmission of the
handover information described in the third embodiment.
Step S71 shown in FIG. 11 is similar to step S21 shown in
FIG. 7.

Specifically, in step S71, the mobile station 4 is connected
to the Multi-RAT base station 1 via E-UTRAN, and performs
data communication with the P-GW 42 through the base
station 1 and the EPC 140. Step S72 shown in FIG. 11 is
similar to step S22 shown in FIG. 7. Specifically, in step S72,
the base station 1 determines the execution of the Inter-RAT
handover from E-UTRAN to the non-3GPP RAT, and the
base station 1 and the mobile station 4 prepare for the Inter-
RAT handover.

Steps S73-1 and S73-2 shown in FIG. 11 are similar to
steps S41-1 and S41-2 shown in FIG. 7. Specifically, in steps
S73-1 and S73-2, the Multi-RAT base station 1 sends han-
dover information to the first upstream network (EPC) 140
and the third upstream network (non-3GPP upstream net-
work) 160.

Step S74 shown in FIG. 11 is similar to step S23 shown in
FIG. 7. Specifically, in step S74, the mobile station 4 sends a
connection request to the base station 1 via the non-3GPP
RAT, and is connected to the non-3GPP cell 130. Step S75
shown in FIG. 11 is similar to step S24 shown in FIG. 7.
Specifically, in step S75, the mobile station 4 is connected to
the Multi-RAT base station 1 via the non-3GPP RAT, and
performs data communication with the P-GW 42 through the
base station 1 and the first upstream network (EPC) 140.

This embodiment illustrates a specific example in which
the Multi-RAT base station 1 supports three types of RATs.
However, the Multi-RAT base station 1 may support only two
types of RATSs, or may support four or more types of RATs.

This embodiment also illustrates an example in which the
procedure (FIG. 7) involving the transmission of the han-
dover information described in the third embodiment is
applied to the handover between E-UTRAN and UTRAN and
to the handover between E-UTRAN and the non-3GPP RAT.
However, the procedure (FIG. 4) described in the second
embodiment that does not involve the transmission of the
handover information can also be applied to the Inter-RAT
handover between E-UTRAN and UTRAN and to the Inter-
RAT handover between E-UTRAN and the non-3GPP RAT.
<Fifth Embodiment>

The first embodiment described above illustrates an opera-
tion in which the Multi-RAT base station 1 uses, for transfer
of user data, the communication path with the upstream net-
work which does not correspond to the RAT used for connec-
tion of the Multi-RAT base station 1 with the mobile station 4.
This embodiment illustrates a specific example of this opera-
tion in which a communication path for transfer of user data
is selected from among communication paths (including the
communication path 400) that pass through different routes in
upstream networks (including the upstream networks 140 and
150). A configuration example of a mobile communication
system according to this embodiment may be similar to the
example of the first embodiment shown in FIG. 1. The con-
figuration of the Multi-RAT base station according to this
embodiment may be similar to that of the block diagram
shown in FIG. 2.
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The Multi-RAT base station 1 according to this embodi-
ment selects a communication path for transfer of user data
from among communication paths (including the communi-
cation path 400) that pass through different routes in upstream
networks (including the upstream networks 140 and 150).
The selection of a communication path (or an upstream net-
work) may be carried out, for example, (a) during the attach
procedure associated with power-on or cell re-selection of the
mobile station 4, (b) during the handover of the mobile station
4 from a nearby cell, or (c) during the Inter-RAT handover of
the mobile station 4 under the base station 1. The Multi-RAT
base station 1 can use various conditions for selecting a com-
munication path for transfer of user data. Some specific
examples of the conditions for selecting a communication
path will be described below.

(Specific Example 1: Load of Upstream Networks)

The base station 1 selects a communication path for trans-
fer of user data from among communication paths that pass
through different paths in upstream networks (including the
upstream networks 140 and 150), based on a load of at least
one of the upstream networks. Specifically, the base station 1
may preferentially select, as the communication path for
transfer of user data, a communication path that passes
through an upstream network having a relatively low load
among the upstream networks. As a more detailed example,
the base station 1 may preferentially select, as the communi-
cation path for transfer of user data, a communication path
that passes through an upstream network having the lowest
load among the upstream networks.

The load of the upstream networks may be evaluated based
on, for example, the processing load of the transfer node or
control node disposed in the upstream networks, or the con-
gestion state of the communication link. The base station 1
may recognize the load of the upstream networks by a noti-
fication from at least one of the plurality of upstream net-
works. Alternatively, the base station 1 may recognize the
load of the upstream networks by a notification from an OAM
(Operations Administration and Maintenance) server man-
aged by a telecommunications carrier.

The selection of the communication path for transfer of
user data in consideration of the load of the upstream net-
works enables load distribution among the upstream net-
works. This leads to an improvement in communication
capacity and an improvement in throughput.

(Specific Example 2: RAT Used in Nearby Cell)

The base station 1 selects a communication path for trans-
fer of user data from among a plurality of communication
paths, based on a RAT used by a nearby cell of the base station
1. Specifically, the base station 1 may preferentially select, as
the communication path for transfer of user data, a commu-
nication path that passes through the upstream network cor-
responding to a RAT used by at least one nearby base station
disposed in the vicinity of the base station 1. As a more
detailed example, the base station 1 may select, as the com-
munication path for transfer of user data, a communication
path that passes through the upstream network corresponding
to the RAT, which is most commonly used by one or more
nearby base stations, among the plurality of RATs supported
by the base station 1 itself.

The base station 1 may recognize a RAT used in the nearby
cell by a notification from the upstream networks. Alterna-
tively, the base station 1 may recognize the RAT is used in the
nearby cell by anotification from an OAM server. In one more
alternative, the base station 1 may directly receive a status of
use of a RAT from nearby base stations via communication
interfaces with nearby base stations.
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The selection of the communication path that passes
through the upstream network corresponding to the RAT used
in the nearby cell makes it only necessary to perform han-
dover processing in a common upstream network when the
mobile station 4 performs a handover from the base station 1
to the nearby cell. This leads to a reduction in delay of the
handover processing.

(Specific Example 3: The Presence and Availability of
Upstream Networks)

The base station 1 selects a communication path used for
transfer of user data from among a plurality of communica-
tion paths, based on whether or not upstream networks (in-
cluding the upstream networks 140 and 150) are available to
the base station 1. Specifically, the base station 1 may pref-
erentially select, as the communication path for transfer of
user data, a communication path that passes through an
upstream network available to the base station 1. This allows
the base station 1 to use, for the radio link with the mobile
station 4, the RAT in which the corresponding upstream net-
work is unavailable or not present.

FIG. 12 is a sequence diagram showing an example of a
communication procedure according to this embodiment.
Specifically, FIG. 12 illustrates an example in which when the
mobile station 4 sends an attach request to the base station 1,
a communication path with an upstream network is selected.
In step S81, the mobile station 4 sends a connection request to
the Multi-RAT base station 1 via the second RAT (the second
cell 120), and is connected to the base station 1 via the second
RAT. In step S82, the base station 1 selects a communication
path for transfer of user data of the mobile station 4. In the
example shown in FIG. 12, the base station 1 selects, as the
communication path for transfer of user data, one of the
communication path 400 (the communication path that
passes through the first upstream network 140) and a com-
munication path that passes through the second upstream
network 150 corresponding to the second RAT. Here, a
description is made assuming that the communication path
400 is selected.

In step S83, the base station 1 executes signaling for estab-
lishing the communication path 400 with the first upstream
network 140 corresponding to the communication path 400.
In step S84, the mobile station 4 is connected to the Multi-
RAT base station 1 via the second RAT, and performs data
communication with the P-GW 42 by using the communica-
tion path 400 that passes through the base station 1 and the
first upstream network 140.

FIG. 13 is a flowchart showing an example of the operation
performed by the base station 1 during the attach procedure
for the mobile station 4 according to this embodiment. In step
S91, the communication path control unit 103 determines
whether or not the connection request from the mobile station
4 has been received. When the connection request from the
mobile station 4 has been received (YES in step 91), the
communication path control unit 103 selects a communica-
tion path with an upstream network (step S92). In step S93,
the communication path control unit 103 requests the
upstream network to establish the selected communication
path.
<Other Embodiments>

The first to fifth embodiments described above illustrate
specific examples of the Inter-RAT handover between E-UT-
RAN and UTRAN and the Inter-RAT handover between
E-UTRAN and the non-3GPP RAT. However, the first to third
embodiments described above may also be applied to other
Inter-RAT handovers.

The first to fifth embodiments described above can be
combined as appropriate. For example, in addition to per-
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forming the selection of a communication path with an
upstream network as described in the fifth embodiment dur-
ing the attach procedure for the mobile station 4, an operation
for maintaining the communication path may be performed
before and after the handover described in the second to
fourth embodiments during the subsequent Inter-RAT han-
dover.

The processings performed by the base station 1, the
mobile station 4, and the nodes (such as the control node 143
and the transfer node 141) disposed in the upstream networks
140, 150, and 160 as described in the first to fifth embodi-
ments may be implemented by causing a computer, such as a
microprocessor or a DSP (Digital Signal Processor), to
execute a program. Specifically, a program including an
instruction set for causing a computer to execute an algorithm
relating to the nodes, which have been described above with
reference to the sequence diagrams and flowcharts of FIGS. 3,
4,6,7,8,10,11,12, and 13, may be created, and the program
may be provided to the computer.

This program can be stored and provided to a computer
using any type of non-transitory computer-readable media.
Non-transitory computer-readable media include any type of
tangible storage media. Examples of non-transitory com-
puter-readable media include magnetic storage media (such
as floppy disks, magnetic tapes, hard disk drives, etc.), optical
magnetic storage media (e.g. magneto-optical disks), CD-
ROM (Read Only Memory), CD-R, CD-R/W, and semicon-
ductor memories (such as mask ROM, PROM (Program-
mable ROM), EPROM (Erasable PROM), flash ROM, RAM
(random access memory), etc.). The program may be pro-
vided to a computer using any type of transitory computer-
readable media. Examples of transitory computer-readable
media include electric signals, optical signals, and electro-
magnetic waves. Transitory computer-readable media can
provide the program to a computer via a wired communica-
tion line, such as electric wires and optical fibers, or a wireless
communication line.

Further, the embodiments described above are merely
examples of the application of the technical idea obtained by
the present inventors. That is, the technical idea is not limited
only to the embodiments described above, but can be modi-
fied in various manners, as a matter of course.

For example, all or some of the embodiments disclosed
above can be described as, but not limited to, the following
supplementary notes.

(Supplementary Note 1)

A radio communication system comprising:

a base station connectable to a mobile station via first and
second radio access technologies;

a first upstream network corresponding to the first radio
access technology; and

a second upstream network corresponding to the second
radio access technology,

wherein the base station is configured to control an inter-
radio access technology handover to switch a connection with
the mobile station from the first radio access technology to the
second radio access technology, and is configured to continu-
ously use, for data transfer between the mobile station and an
external network, a communication path established between
the base station and the first upstream network for the data
transfer before the handover, even after the handover without
changing a route of the communication path so that the com-
munication path passes through the second upstream net-
work.

(Supplementary Note 2)

The radio communication system according to Supple-

mentary note 1, wherein during the handover, the base station
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sends, to at least one of the first and second upstream net-
works, a control message for notifying that switching of the
communication path is unnecessary.

(Supplementary Note 3)

The radio communication system according to Supple-
mentary note 1 or 2, wherein the communication path is a
bearer established between the base station and a transfer
node that is disposed in the first upstream network and oper-
ates as a gateway to the external network.

(Supplementary Note 4)

The radio communication system according to any one of
Supplementary notes 1 to 3, wherein

the first radio access technology is an E-UTRAN (Evolved
UMTS Terrestrial Radio Access Network) of 3GPP (3rd Gen-
eration Partnership Project), and

the first upstream network includes an EPC (Evolved
Packet Core) of 3GPP.

(Supplementary Note 5)

The radio communication system according to Supple-
mentary note 4, wherein

the second radio access technology is a UTRAN of 3GPP,
and

the second upstream network includes a GPRS (General
Packet Radio Service) packet core of 3GPP.
(Supplementary Note 6)

The radio communication system according to Supple-
mentary note 4, wherein

the second radio access technology is a non-3GPP radio
access technology, and

the second upstream network includes a non-3GPP radio
access network connectable to the first upstream network.
(Supplementary Note 7)

A base station connectable to a mobile station via first and
second radio access technologies, the base station compris-
ing:

acontrol unit that controls an inter-radio access technology
handover to switch a connection with the mobile station from
the first radio access technology to the second radio access
technology,

wherein the control unit continuously uses, for data trans-
fer between the mobile station and an external network, a
communication path established between the base station and
a first upstream network corresponding to the first radio
access technology for the data transfer before the handover,
even after the handover without changing a route of the com-
munication path so that the communication path passes
through a second upstream network corresponding to the
second radio access technology.

(Supplementary Note 8)

The base station according to Supplementary note 7,
wherein during the handover, the base station sends, to at least
one of the first and second upstream networks, a control
message for notifying that switching of the communication
path is unnecessary.

(Supplementary Note 9)

The base station according to Supplementary note 7 or 8,
wherein the communication path is a bearer established
between the base station and a transfer node that is disposed
in the first upstream network and operates as a gateway to the
external network.

(Supplementary Note 10)

The base station according to any one of Supplementary
notes 7 to 9, wherein

the first radio access technology is an E-UTRAN (Evolved
UMTS Terrestrial Radio Access Network) of 3GPP (3rd Gen-
eration Partnership Project), and
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the first upstream network includes an EPC (Evolved
Packet Core) of 3GPP.

(Supplementary Note 11)

The base station according to Supplementary note 10,
wherein

the second radio access technology is a UTRAN of 3GPP,
and the second upstream network includes a GPRS (General
Packet Radio Service) packet core of 3GPP.
(Supplementary Note 12)

The base station according to Supplementary note 10,
wherein the second radio access technology is a non-3GPP
radio access technology, and

the second upstream network includes a non-3GPP radio
access network connectable to the first upstream network.
(Supplementary Note 13)

A method for controlling an inter-radio access technology
handover performed by a base station that is connectable to a
mobile station via first and second radio access technologies,
the method comprising:

controlling an inter-radio access technology handover to
switch a connection with the mobile station from the first
radio access technology to the second radio access technol-
ogy; and

continuously using, for data transfer between the mobile
station and an external network, a communication path estab-
lished between the base station and a first upstream network
corresponding to the first radio access technology for the data
transfer before the handover, even after the handover without
changing a route of the communication path so that the com-
munication path passes through a second upstream network
corresponding to the second radio access technology.
(Supplementary Note 14)

The method according to Supplementary note 13, further
comprising transmitting, to at least one of the first and second
upstream networks, a control message for notifying that
switching of the communication path is unnecessary, during
the handover.

(Supplementary Note 15)

The method according to Supplementary note 13 or 14,
wherein the communication path is a bearer established
between the base station and a transfer node that is disposed
in the first upstream network and operates as a gateway to the
external network.

(Supplementary Note 16)

A mobile station that is connectable to a base station
according to any one of Supplementary notes 7 to 12 via the
first and second radio access technologies.

(Supplementary Note 17)

A program for causing a computer to execute a method
according to any one of Supplementary notes 13 to 15.

This application is based upon and claims the benefit of
priority from Japanese patent application No. 2011-176785,
filedonAug. 12,2011, the disclosure of which is incorporated
herein in its entirety by reference.

REFERENCE SIGNS LIST

1 MULTI-RAT BASE STATION

4 MOBILE STATION

70 EXTERNAL NETWORK

101-1 RADIO COMMUNICATION UNIT

101-2 RADIO COMMUNICATION UNIT

102 COMMUNICATION UNIT

103 COMMUNICATION PATH CONTROL UNIT

110 FIRST CELL (e.g., E-UTRAN CELL) BY FIRST RAT

120 SECOND CELL (e.g., UTRAN CELL) BY SECOND
RAT
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130 THIRD CELL (e.g., NON-3GPP CELL) BY THIRD
RAT

140 FIRST UPSTREAM NETWORK (e.g., EPC)

141 TRANSFER NODE

142 TRANSFER NODE

143 CONTROL NODE

150 SECOND UPSTREAM NETWORK (e.g., GPRS
PACKET CORE AND RNC)

151 TRANSFER NODE

152 CONTROL NODE

160 THIRD UPSTREAM NETWORK (e.g., NON-3GPP
UPSTREAM NETWORK)

161 TRANSFER NODE

162 CONTROL NODE

400 COMMUNICATION PATH (BEARER)

The invention claimed is:

1. A radio communication system comprising:

abase station connectable to a mobile station via a plurality

of radio access technologies including first and second
radio access technologies; and

aplurality of upstream networks including a first upstream

network corresponding to the first radio access technol-
ogy and a second upstream network different from the
first upstream network and corresponding to the second
radio access technology, each of the first and second
network being connected to the base station, including a
gateway to an external network, and being configured to
transfer user data between the base station and the exter-
nal network,

wherein the base station is configured to, when the mobile

station communicate with the base station using the
second radio access technology, use a first communica-
tion path that passes through the first upstream network
without passing through the second upstream network,
for data transfer between the mobile station and the
external network.

2. The radio communication system according to claim 1,
wherein when an inter-radio access technology handover is
performed to switch a connection with the mobile station
from the first radio access technology to the second radio
access technology, the base station is configured to continu-
ously use the first communication path, established before the
handover, for a data transfer even after the handover.

3. The radio communication system according to claim 2,
wherein during the handover, the base station sends, to at least
one of the first and second upstream networks, a control
message for notifying that switching of the first communica-
tion path is unnecessary.

4. The radio communication system according to claim 1,
wherein the first communication path is a bearer established
between the base station and a transfer node that is disposed
in the first upstream network and operates as a gateway to an
external network.

5. The radio communication system according to claim 1,
wherein the base station selects, based on a first condition, a
communication path for a data transfer from among a plural-
ity of communication paths that pass through different routes
in the plurality of upstream networks, the plurality of com-
munication paths including the first communication path.

6. The radio communication system according to claim 5,
wherein the first condition relates to a load of at least one of
the plurality of upstream networks.

7. The radio communication system according to claim 6,
wherein the base station preferentially selects, as the commu-
nication path for the data transfer, a communication path that
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passes through an upstream network having a first load rather
than a upstream network having a second load higher that the
first load.
8. The radio communication system according to claim 5,
wherein the first condition relates to a radio access technol-
ogy used in the vicinity of the base station.
9. The radio communication system according to claim 8,
wherein the base station preferentially selects, as the commu-
nication path for the data transfer, a communication path that
passes through an upstream network corresponding to a radio
access technology used by at least one nearby base station
disposed in the vicinity of the base station.
10. The radio communication system according to claim 5,
wherein the first condition relates to whether or not the plu-
rality of upstream networks are available to the base station.
11. The radio communication system according to claim
10, wherein the base station preferentially selects, as the
communication path for the data transfer, a communication
path that passes through an upstream network available to the
base station.
12. The radio communication system according to claim 1,
wherein
the first radio access technology is an E-UTRAN (Evolved
UMTS Terrestrial Radio Access Network) of 3GPP (3rd
Generation Partnership Project), and

the first upstream network includes an EPC (Evolved
Packet Core) of 3GPP.

13. The radio communication system according to claim
12, wherein

the second radio access technology is a UTRAN of 3GPP,

and

the second upstream network includes a GPRS (General

Packet Radio Service) packet core of 3GPP.

14. The radio communication system according to claim
12, wherein

the second radio access technology is a non-3GPP radio

access technology, and

the second upstream network includes a non-3GPP access

network connectable to the first upstream network.

15. A base station connectable to a mobile station via a
plurality of radio access technologies including first and sec-
ond radio access technologies and also connectable to a plu-
rality of upstream networks including a first upstream net-
work corresponding to the first radio access technology and a
second upstream network different from the first upstream
network and corresponding to the second radio access tech-
nology, each of the first and second network being connected
to the base station, including a gateway to an external net-
work, and being configured to transfer user data between the
base station and the external network, the base station com-
prising:

communication path control unit configured to use, when

the mobile station communicate with the base station
using the second radio access technology, a first com-
munication path that passes through the first upstream
network without passing through the second upstream
network, for data transfer between the mobile station
and the external network.

16. The base station according to claim 15, wherein when
an inter-radio access technology handover is performed to
switch a connection with the mobile station from the first
radio access technology to the second radio access technol-
ogy, the communication path control unit continuously uses
the first communication path, established before the han-
dover, for a data transfer even after the handover.

17. The base station according to claim 16, wherein during
the handover, the communication path control unit sends, to at
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least one of the first and second upstream networks, a control
message for notifying that switching of the first communica-
tion path is unnecessary.

18. The base station according to claim 15, wherein the first
communication path is a bearer established between the base
station and a transfer node that is disposed in the first
upstream network and operates as a gateway to an external
network.

19. The base station according to any one of claim 15,
wherein the communication path control unit selects, based
on a first condition, a communication path for a data transfer,
from among a plurality of communication paths that pass
through different routes in the plurality of upstream networks
including the first and second upstream networks, the plural-
ity of communication paths including the first communica-
tion path.

20. The base station according to claim 19, wherein the first
condition relates to a load of at least one of the plurality of
upstream networks.

21. The base station according to claim 20, wherein the
communication path control unit preferentially selects, as the
communication path for the data transfer, a communication
path that passes through an upstream network having a first
load rather than an upstream network having a second load
higher than the first load.

22. The base station according to claim 19, wherein the first
condition relates to a radio access technology used in the
vicinity of the base station.

23. The base station according to claim 22, wherein the
communication path control unit preferentially selects, as the
communication path for the data transfer, a communication
path that passes through an upstream network corresponding
to a radio access technology used by at least one nearby base
station disposed in the vicinity of the base station.

24. The base station according to claim 19, wherein the first
condition relates to whether or not the plurality of upstream
networks are available to the base station.

25. The base station according to claim 24, wherein the
communication path control unit preferentially selects, as the
communication path for the data transfer, a communication
path that passes through an upstream network available to the
base station.

26. A communication method for a base station connect-
able to a mobile station via a plurality of radio access tech-
nologies including first and second radio access technologies
and also connectable to a plurality of upstream networks
including a first upstream network corresponding to the first
radio access technology and a second upstream network dif-
ferent from the first upstream network and corresponding to
the second radio access technology, each of the first and
second network being connected to the base station, including
a gateway to an external network, and being configured to
transfer user data between the base station and the external
network, the communication method comprising:

using, when the mobile station communicate with the base

station using the second radio access technology, a first
communication path that passes through the first
upstream network without passing through the second
upstream network, for data transfer between the mobile
station and the external network.

27. The method according to claim 26, wherein when an
inter-radio access technology handover is performed to
switch a connection with the mobile station from the first
radio access technology to the second radio access technol-
ogy, said using the first communication path includes con-
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tinuously using the first communication path, established
before the handover, for a data transfer even after the han-
dover.

28. The method according to claim 27, further comprising
sending, to at least one of the first and second upstream
networks, a control message for notifying that switching of
the first communication path is unnecessary, during the han-
dover.

29. The method according to claim 26, wherein the first
communication path is a bearer established between the base
station and a transfer node that is disposed in the first
upstream network and operates as a gateway to an external
network.

30. The method according to claim 26, further comprising
selecting, based on a first condition, a communication path
for a data transfer, from among a plurality of communication
paths that pass through different routes in the plurality of
upstream networks including the first and second upstream
networks, the plurality of communication paths including the
first communication path.

31. The method according to claim 30, wherein the first
condition relates to a load of at least one of the plurality of
upstream networks.

32. The method according to claim 31, wherein said select-
ing includes preferentially selecting, as the communication
path for the data transfer, a communication path that passes
through an upstream network having a first load rather than an
upstream network having a second load higher than the first
load.

33. The method according to claim 30, wherein the first
condition relates to a radio access technology used in the
vicinity of the base station.

34. The method according to claim 33, wherein said select-
ing includes preferentially selecting, as the communication
path for the data transfer, a communication path that passes
through an upstream network corresponding to a radio access
technology used by at least one nearby base station disposed
in the vicinity of the base station.

35. The method according to claim 30, wherein the first
condition relates to whether or not the plurality of upstream
networks are available to the base station.

36. The method according to claim 35, wherein said select-
ing includes preferentially selecting, as the communication
path for the data transfer, a communication path that passes
through an upstream network available to the base station.

37. A mobile station used in a radio communication sys-
tem,

the radio communication system comprising:

aplurality of upstream networks including a first upstream

network corresponding to a first radio access technology
and a second upstream network diftferent from the first
upstream network and corresponding to a second radio
access technology, each of the first and second network
being connected to the base station, including a gateway
to an external network, and being configured to transfer
user data between the base station and the external net-
work; and

a base station that is configured to be connectable to the

mobile station by a plurality of radio access technologies
including the first and second radio access technologies,
and is configured to, when the mobile station communi-
cate with the base station using the second radio access
technology, use a first communication path that passes
through the first upstream network without passing
through the second upstream network, for data transfer
between the mobile station and the external network,
and
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the mobile station is configured to be connected to the base
station via at least one of the first and second radio access
technologies.

38. The mobile station according to claim 37, wherein the
mobile station is configured to perform an inter-radio access
technology handover to switch a connection with the base
station from the first radio access technology to the second
radio access technology, and also configured to continuously
uses the first communication path, established before the
handover, for a data transfer even after the handover.

39. The mobile station according to claim 37, wherein the
mobile station performs a data transfer by using a communi-
cation path selected based on a first condition from among a
plurality of communication paths that pass through different
routes in the plurality of upstream networks, the plurality of
communication paths including the first communication path.

40. The mobile station according to claim 39, wherein the
first condition relates to a load of at least one of the plurality
of upstream networks.

41. The mobile station according to claim 40, wherein the
selection based on the first condition includes preferentially
selecting, as the communication path for the data transfer, a
communication path that passes through an upstream net-
work having a first load rather than an upstream network
having a second load higher than the first load.

42. The mobile station according to claim 39, wherein the
first condition relates to a radio access technology used in the
vicinity of the base station.

43. The mobile station according to claim 42, wherein the
selection based on the first condition includes preferentially
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selecting, as the communication path for the data transfer, a
communication path that passes through an upstream net-
work corresponding to a radio access technology used by at
least one nearby base station disposed in the vicinity of the
base station.

44. The mobile station according to claim 39, wherein the
selection based on the first condition is performed by the base
station.

45. A non-transitory computer-readable medium storing a
program for causing a computer to execute a communication
method for a base station, wherein the base station is connect-
able to a mobile station by a plurality of radio access tech-
nologies including first and second radio access technologies
and also connectable to a plurality of upstream networks
including a first upstream network corresponding to the first
radio access technology and a second upstream network dif-
ferent from the first upstream network and corresponding to
the second radio access technology, each of the first and
second network being connected to the base station, including
a gateway to an external network, and being configured to
transfer user data between the base station and the external
network, and

the method comprises controlling the base station so as to,

when the mobile station communicate with the base
station using the second radio access technology, use a
communication path that passes through the first
upstream network without passing through the second
upstream network, for data transfer between the mobile
station and the external network.
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